Comparison of fold change in gene expression upon aging between total and nuclear RNA analyses in pro-B cells, showing correlation between the changes detected in these two analyses. Genes with a significant (FDR adjusted p value < 0.05) age-related change in expression are indicated with larger point. Genes are colored based on whether their expression is significantly altered in the total RNA analysis, the nuclear RNA analysis, or both. Dashed lines indicate a log2 fold change of +/-0.2. Fig. S3 . KEGG pathway analysis of differentially expressed genes upon aging in developing B cells. KEGG pathways which are significantly (padj < 0.05, Benjamini-Hochberg) associated to pro-B nuclear (nuc) RNA upregulated genes (a) and downregulated genes (b). Genes associated to the Longevity pathway include: Igf1r, Igf1, Rb1cc1, Creb1 and Kras. Because of the low number of up-and downregulated genes identified in the total RNA-seq analysis, KEGG pathway analysis was performed on combined up-and downregulated genes in pro-B (c) and pre-B cells (d) . Genes linked to the Foxo signaling pathway include Ccnd2, Igf1r, Sgk1 and Irs1. Gene linked to the PI3K-Akt pathway include: Ccnd2, Igf1r, Sgk1, Ccnd3, Reln and Irs1. Mature signature B cell genes have been excluded from KEGG pathway analysis. Read counts for nuclear RNA-seq over (a) Nespas, the precursor transcript for miR-296 and miR-298, and (b) a non-coding transcript encompassing Let-7a1/d/f1 were quantified over 100-bp windows and normalized using DESeq2 size factors. Reads originating from the forward strand are represented as positive values (red), whilst those originating from the reverse strand are represented as negative numbers (blue). Nespas is significantly downregulated in aged pro-B cells. Blue points indicate differentially enriched regions defined using DESeq2 (FDR adjusted p value < 0.05), except for d, in which blue and red points indicate peaks within 10-kb of aged-down-and upregulated genes, respectively. Venn diagrams in b show overlap between differentially expressed genes (total RNA) and promoter regions with changes in H3K4me3 in pro-B cells. P values are based on a hypergeometric test; given the small number of differential genes/peaks and the large total number of genes from which they might originate, the overlaps are highly significant. Genes in the overlaps are indicated in the scatter plot. For inserts, median normalized reads for aged and young are shown on the same scale. Black bars beneath the plots indicate the peak locations. precursor, which are both differentially expressed and display differential enrichment in H3K27me3 upon aging, compared to the control genes Lhx9 and Pax6 which are unaltered. Read counts were normalized based on size factors from DESeq2 analysis of H3K27me3 peaks, and are displayed on the same scale for each replicate in young and aged mice, and across all four loci. Peaks are displayed as black bars below. c Distribution of H3K27ac in pre-B cells over Irs1 and the Let-7b/c2 precursor, which are differentially expressed upon aging, compared to the control genes Cd19 and Pax5 which are unaltered. Read counts were normalized based on size factors from DESeq2 analysis of H3K27ac peaks, and are displayed on the same scale for young and aged mice, and across all four loci. Peaks are displayed as black bars below.
Fig. S9. H3K27me3 and H3K27ac show reciprocal changes upon aging and during B cell development.
Comparison of H3K27ac (a) and H3K27me3 (b) signal over the Irs1 promoter in pro-B and pre-B cells from young and aged mice. Reads were quantified within a 2-kb window centered on the Irs1 transcription start site, and normalized using size factors from DESeq2 analysis of MACS peaks. In b, points represent the mean and vertical lines represent the range.
Fig. S10. Chromatin changes result in gene expression changes upon aging in B cell precursors.
Log2 fold change (Aged/Young) in the expression of genes close to peaks for H3K27me3, H3K27ac, H3K4me3 and ATAC-seq whose enrichment is altered (low stringency threshold: unadjusted p value < 0.1 for H3K27me3/H3K27ac or < 0.005 for H3K4me3/ATAC-seq), compared to genes close to peaks whose enrichment is unchanged. Peaks were assigned to a gene if they overlapped with a window extending 1-kb up-and downstream of the gene. ANOVA was used to determine p values; these were then FDR adjusted to correct for multiple testing. Numbers above each boxplot indicate the number of genes in each category. (Fmn2 (d) ) upon aging. Shown are all interactions with a CHiCAGO score above the significance threshold of 5 that lie within the genomic region depicted. For ATAC-seq and ChIP-seq tracks, read counts are quantified over 100-bp windows and normalized with size factors from DESeq2 analysis of MACS peaks. For a given locus and chromatin mark, young and aged are displayed on the same scale. Shading indicates regions that gain interactions (orange), lose interactions (blue), or over which active histone modifications are increased (grey).
